Background: Systematic, standardized and in-depth phenotyping and data analyses of rodent behaviour empowers gene-function studies, drug testing and therapy design. However, no data repositories are currently available for standardized quality control, data analysis and mining at the resolution of individual mice. Description: Here, we present AHCODA-DB, a public data repository with standardized quality control and exclusion criteria aimed to enhance robustness of data, enabled with web-based mining tools for the analysis of individually and group-wise collected mouse phenotypic data. AHCODA-DB allows monitoring in vivo effects of compounds collected from conventional behavioural tests and from automated home-cage experiments assessing spontaneous behaviour, anxiety and cognition without human interference. AHCODA-DB includes such data from mutant mice (transgenics, knock-out, knock-in), (recombinant) inbred strains, and compound effects in wildtype mice and disease models. AHCODA-DB provides real time statistical analyses with single mouse resolution and versatile suite of data presentation tools. On March 9th, 2017 AHCODA-DB contained 650 k data points on 2419 parameters from 1563 mice. Conclusion: AHCODA-DB provides users with tools to systematically explore mouse behavioural data, both with positive and negative outcome, published and unpublished, across time and experiments with single mouse resolution. The standardized (automated) experimental settings and the large current dataset (1563 mice) in AHCODA-DB provide a unique framework for the interpretation of behavioural data and drug effects. The use of common ontologies allows data export to other databases such as the Mouse Phenome Database. Unbiased presentation of positive and negative data obtained under the highly standardized screening conditions increase cost efficiency of publicly funded mouse screening projects and help to reach consensus conclusions on drug responses and mouse behavioural phenotypes. The website is publicly accessible through https://public.sylics.com and can be viewed in every recent version of all commonly used browsers.
Background
Mouse models of human brain disorders play an important role in understanding disease mechanisms and in preclinical development of therapeutic strategies. Whereas many molecular processes have been studied systematically on a large scale using -omics approaches for decades, the methodology of studying behavioural phenotypes (behavioural phenomics) has become available only recently. It is widely recognized that in-depth and well-controlled characterisation of animal behaviour is essential for comprehensive understanding of mouse phenotypes and pharmacological responses [1] . Therefore, efficient sequential batteries of behavioural tests have been used to obtain high-content phenomic profiles of mouse models and pharmacological responses. In addition, automated home-cage approaches have been developed that test many aspects of mouse behaviour in a highly standardized manner without human intervention. These automated tools for behavioural phenotyping generate hundreds of behavioural parameters [2] [3] [4] [5] , not only increasing the quantity of data obtained, but also quality, due to rigorous standardization and lack of human interference.
Despite these advances in obtaining high-content behavioural profiles, systematically mining the data for genetic effects and pharmacological responses remains a challenge, in contrast to other -omics platforms with public data repositories and user friendly tools (e.g. Gene expression omnibus, Allen Brain Atlas). Although several repositories are available to archive and mine qualitative data on mouse mutants (e.g. MGI website [6] ) and precomputed group averages of inbred mouse lines (e.g. WebQTL [7] , the Mouse Phenome Database [8] , the International Mouse Phenotyping Consortium [9] ), no repository is currently available for quantitative high-content mouse phenomics data other than the supplementary data of scientific publications. Even more important, the tools for systematic, large-scale data mining of phenomics profiles to delineate similarities and differences between novel and established mouse models and pharmacological interventions are lacking. Therefore valuable data becomes untraceable and not used by the research community. Furthermore, an increasing number of laboratories is using standardized home-cage testing protocols that produce highly standardized output. However, a platform for storage and comparison of this standardized data obtained by different laboratories is currently lacking.
To offer an open access repository with web-based mining tools for the wealth of quantitative data gathered by individual laboratories and international research consortia using both automated home-cages and conventional tests and at the resolution of individual mice, we established "AHCODA-DB". Open accessibility at the resolution of individual mice enhances transparency (i.e. enables in depth post-publication peer review to enhance reproducible science), and allows (meta) analyses to generate and test new hypothesis [10] . This resource and related tools should allow individual scientists and consortia conducting experiments with common inbred strains and/or mutant lines, with and without drug treatment to analyse and systematically compare their data across time and experiments, with reference to standard collected data.
Construction and content
The AHCODA-DB repository (MySQL database) contains phenotypic data of mice collected from standard batteries of conventional behavioural tests as well as from automated home-cage experiments (Fig. 1a) . Raw data from automated home-cage experiments, executed in any lab running compatible home-cage testing protocols, can be uploaded automatically when the experiment has finished (see the "about AHCODA-DB" page of the website for more detailed information). The raw data from conventional behavioural tests are exported from the tracking software, and imported in the database by the experimenter. Besides raw behavioural data of individual mice, metadata are stored, such as strain/mutation, drug treatment, gender and age, all with unique identifiers (Fig. 1b) , as well as a plain text field in which additional non-structured metadata can be stored (e.g. order of testing, details on housing conditions). In addition, the repository contains information on the standard operating procedures (SOPs) of the conducted conventional behavioural tests and protocols used in automated home-cage systems. Common ontologies to describe the behavioural phenotypes, adopted from the Mouse Genome Database (MGD) at the Mouse Genome Informatics (MGI) website (The Jackson Laboratory, Bar Harbor, Maine; www.informatics.jax.org), are used to facilitate data integration with other databases. Each behavioural test is linked to data analysis scripts (R scripts; programmed in R statistical package [11] ) that check the quality of uploaded data, exclude data using pre-set criteria for each behavioural test, and precompute frequently requested subsets of the data (e.g. time bins) or specific statistical analyses (e.g. effect-sizes and z-scores).
The AHCODA-DB website (programmed in HTML, PHP and JavaScript) is the front-end user interface of the data repository that allows visualisation and statistical analyses of the raw data contained in the repository. Through the user's action on the website data is retrieved from the MySQL database by PHP, fed into R-scripts that compute statistical tables and produce graphs (PNG), which are subsequently displayed on the website (by PHP). Since the data of various behavioural tests differ in nature (e.g. continuous versus ordinal data, single time-point versus within-subject repeated measures) requests by the user will lead to the selection of an appropriate R-script from a library of scripts stored in the database. For each dataset, the metadata contained in the repository can be viewed by the user by clicking a dedicated 'Experimental information page' link, which generates a webpage with both structured (e.g. gender, age; in tables) and nonstructured metadata (e.g. textual description of housing conditions).
On March 9th, 2017, AHCODA-DB contained data of 10 mutant mouse lines, 13 common inbred strains and 30 datasets/publications. These datasets contain 640,246 data points from 2419 parameters and 1563 mice (for details see Tables 1 and 2 ). The database is constantly updated with new data and the current data content is indicated on the "about AHCODA-DB" page of the website.
Utility and discussion

Visualisation and statistics
The AHCODA-DB website is a unique service as it displays high resolution data from behavioural tests where the results, graphs and statistics are generated upon request using R scripts that are selected in response to user instructions on the website (Fig. 1c-d) . The major advantage of this approach is that users are able to perform customised analyses on selected data in the repository and visualize the results instantaneously as group means or as individual mouse data, thereby retaining data on variance and potential outliers (Fig. 1e-h ). Multiple datasets can be selected for online comparative quantitative assessment, and resulting charts as well as the tables with results of statistical testing of group differences in user-selected behavioural tests are generated on the fly. Depending on the selected data, box plots and bar graphs and respective parametric and non-parametric statistics are presented (Fig. 1e) , or in case of longitudinal data, line plots with repeated measures statistics are presented (Fig. 1f) . Besides browsing data online, PDF reports can be downloaded in which the charts and results tables of group comparisons in multiple behavioural tests are aggregated, together with the detailed description of the experiment and testing methods (Fig. 1g, upper part) . In addition, Excel files can be downloaded that contain the raw data (individual mouse data points) of the selected group comparisons and behavioural tests (Fig. 1g, lower part) . The heat map functionality on the AHCODA-DB website (Fig. 1h ) enables users to execute more systematic and large-scale comparison of common mouse lines, mutant mouse strains and/or drug effects across the available behavioural parameters. These heat maps visualize effect-sizes, i.e. display the difference between a group of mutant mice and their respective wild type littermates or a drug-treated versus vehicle-treated group, for a user-defined selection of behavioural parameters. Hierarchical clustering of the heat map data allows to systematically compare and group mouse models and drug effects on the one hand, and behavioural parameters obtained in various behavioural tests (conventional and automated) on the other.
Interpretation
To serve users that are not experts in the field of mouse behaviour, or users that are interested in a precise description of the methods used, detailed information of each behavioural test is available on the website. In addition, for every test parameter used a detailed description has been added for interpretation of the results.
For each published dataset, a summary report of the respective manuscript is available or a link is provided to the publishers website. These reports also contain hyperlinks to key graphs and statistics of the manuscript that substantiate the conclusions.
Conclusion
The ongoing production of high-content datasets and integration in AHCODA-DB allows -omics scale comparison of behavioural tests, mouse phenotypes and pharmacological responses. By the unbiased publishing of both positive and negative results, AHCODA-DB facilitates scientists in reducing animal usage by avoiding unnecessary repetition of experiments. Furthermore, implementation of standardized quality control and pre-set exclusion criteria contribute to the robustness of the data. The integration of data obtained from different phenotyping platforms, in both common inbred strains as well as mutant lines, with and without drug treatments, increases the scientific value of this open-access repository. Through its easily accessible web interface and various data analysis and mining opportunities, this repository will also increase cost efficiency of publicly funded mouse screening projects and help to reach consensus conclusions on drug responses and mouse phenotypes. Enhanced alcohol self-administration and reinstatement in a highly impulsive, inattentive recombinant inbred mouse strain. 
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